The ecology of tidepool fishes has been extensively investigated worldwide over the past 40 years. As in many other ecological fields, studies in temperate zones outnumber studies carried out in tropical areas. Here, we document the short-term spatio-temporal variation of a tidepool fish assemblage from the Tropical Eastern Pacific (Gorgona Island, Colombia), compare our data with previous surveys made in 1993 and provide the first latitudinal comparison of tidepool fish assemblages in the Eastern Pacific coast (43°N to 36°S). During April-July 2006, monthly samplings were carried in 18 tidepools located at three sites this Island. A relatively species-rich tidepool fish assemblage (53 species) was found at Gorgona Island. Labrisomidae, Gobiidae and Gobiesocidae were the dominant resident components of this assemblage, whereas Pomacentridae, Muraenidae and Labridae constituted the transient component. Although the same dominant species were observed in surveys from 1993 and 2006, suggesting a high persistence of this assemblage over time, clear differences in the relative abundance of some species were also detected. These differences were partly the result of using different sampling methodologies (rotenone vs clove oil). Comparisons with other studies performed in tropical and temperate areas of the Eastern Pacific coast indicate a clear latitudinal pattern in the composition of these assemblages that correspond to well-documented biogeographic subdivisions of the marine fauna in this region. Further investigation of the ecological role that tidepool fishes play in rocky intertidal and subtidal areas of Gorgona Island and the whole Tropical Eastern Pacific region will benefit our understanding of the functioning of these important coastal ecosystems. Rev. Biol. Trop. 62 (Suppl. 1): 373-390. Epub 2014 February 01.
Rocky shorelines constitute a predominant coastal seascape of the world, harbouring often very diverse biological communities. Organisms living in these zones are subject to environmental changes induced by tidal and day-night cycles (Little & Kitching, 1996; Palmer, 2000) . To cope with these changing, often stressing, conditions, sessile and mobile organisms respond differently. Fishes, for example, can stay in intertidal zones when favourable conditions are present (i.e. at high tide) returning to subtidal habitats at low tide.
A subset of coastal fishes can be specially adapted to remain in the intertidal zone even at low tide in tidepools (Gibson, 2003) . Such difference in behaviour highlights the important role that fish can play in transporting energy within intertidal and between subtidal habitats.
Tidepools are common features within intertidal rocky shores, providing the opportunity to a large number of organisms to escape from harsh conditions on emerged rocks (Metaxas & Scheibling, 1993; Martins, Hawkins, Thompson & Jenkins, 2007) .
Tidepools are often considered as nursery grounds for fish and are also used as small isolated systems where organisms and their environmental conditions can be easily manipulated to advance the ecological understanding of these marine systems (Nielsen, 2001) .
Patterns of spatio-temporal variation in tidepool fish assemblages have been studied for the last 40 years worldwide (see reviews in Gibson & Yoshiyama, 1999; Almada & Faria, 2004) . These studies have been concentrated in temperate areas, while information from tropical seas is still scarce (Horn, Martin & Chotkowski, 1999) . Several authors (e.g. Thomson & Lehner, 1976; Gibson, 1988; 1992; 1993; Gibson & Yoshiyama, 1999) have classified tidepool fishes into three main categories which vary in terminology among studies: (1) Resident or primary residents, are commonly small and cryptic species that spend all their life cycle within tidepools; (2) Transient or secondary residents, are those that spend only parts of their life cycle within tidepools and then migrate to subtidal habitats as adults; and (3) Accidental or casual visitors are typical subtidal species that can enter intertidal zones to forage and occasionally get trapped in tidepools at ebb tide. Although this classification is useful to distinguish major components of these assemblages, the lack of homogeneity in the criteria used to distinguish between categories prevents detailed comparisons among studies.
Although the Tropical Eastern Pacific regional fauna is not as diverse as the one in the Indo-West Pacific region, it presents a high level of endemism due to its isolation from other biogeographical regions (Glynn & Ault, 2000; Robertson & Allen, 2002) . The near-shore fish fauna in the region is relatively well known mainly on coral reefs. In recent years, the great importance that rocky reefs may have for reef fish communities within the region has been pointed out (Robertson, 1998 , Dominici-Arosemena & Wolff, 2006 Benfield, Baxter, Guzman & Mair, 2008) . In this context, tidepool fishes on rocky shores of the region represent a subset of reef fish communities that has not been properly assessed.
This study aims to (1) document the shortterm spatio-temporal patterns of tidepool fish assemblages found at Gorgona Island in the Colombian Pacific Ocean, (2) compare our results with data collected in the 1990's (García & Zapata, unpublished data) at the same localities investigated here; and (3) compare the intertidal fish assemblage composition and organization found at Gorgona Island to that found at other localities in a wider area (Colombia and Eastern Pacific Ocean). By doing this, a regional synthesis of current knowledge on Eastern Pacific tidepool fish assemblages is provided.
MATERIALS AND METHODS

Study area:
In the Tropical Eastern Pacific (TEP), the most isolated tropical marine biogeographic region of the world (Robertson, Grove & McCosker, 2004) , rocky shore seascapes are predominant besides two large sandy and muddy coastline portions along the south eastern Gulf of California (350km) and the expanse from southern Mexico to El Salvador (1000km; Mora & Robertson, 2005; Robertson & Cramer, 2009 ). Other near-shore ecosystems such as coral reefs are uncommon, occupying <25km 2 (Glynn & Ault, 2000) . This holds true for the Colombian Pacific coast, with ca. 636 km of its shoreline dominated by rocky shores of different origin (López-Victoria et al., 2004) . Rocky shores of volcanic origin are located in the northern part of the coast and in Gorgona and Malpelo Islands, whereas tertiary sedimentary rocky shores are located in the central (Buenaventura and Bahía Málaga) and southern parts (Istmo de Pichidó and Gallo Island) of the Colombian coast.
Gorgona is a continental island located in the southern part of the Colombian Pacific coast (2º58'10" N -78º11'05" W). Marine habitats on the island include sandy beaches, coral reefs and rocky shores. In 2006, we sampled three different rocky intertidal areas on the Island: Ventana, Barra and Camaronera. The first two sites were located in the south and southeast portions of the Island and are separated by a <50m-long sandy beach. These two sites presented ca. 200m of a exposed rocky platform at low tide The third site, Camaronera, is located on the southwestern side of the Island, separated from the other two sites by a 1km-long sandy beach. The topographic characteristics of this site vary considerable compared to those of Ventana and Barra. Camaronera is characterized by gravel and sandy substrates. Subtidal habitats near the three sites include mixed sandy and rocky bottoms surrounded by small pocilloporid coral patches (Zapata, 2001a) .
Sampling: Six tidepools located between the mid and low intertidal zone at each of the three sites described above were randomly selected during a preliminary field trip in March 2006. Repeated samplings of these pools were made during four months (AprilJuly 2006) using a clove-oil solution (eugenol). This anaesthetic is used commonly for collecting coral reef and tidepool fishes (Griffiths, 2000; Ackerman & Bellwood, 2002; . The solution was prepared in a 1:8 clove oil to ethanol proportion and sprayed directly into the tidepools, particularly in small crevices and under boulders where fish may hide. The quantity of anaesthetic employed was variable depending on tidepool size. The reaction on fish species was also variable with the most vulnerable species showing erratic movements after ca. 5 minutes of clove oil application. Using small dip nets all fish within tidepools were captured searching under rocks and crevices when necessary. All fishes were then identified to species with field taxonomic guides adapted from Robertson & Allen (2002) , counted and afterwards returned to adjacent tidepools where they rapidly recovered from the anaesthetic effect.
Prior to fish collections, length, width and depth of tidepools were measured to calculate sampled areas and volumes. Length was considered as the distance between the most distant edges of a pool and the width as the distance perpendicular to the midpoint length axis. Depth was calculated by averaging 10-15 random measures to the nearest 0.5 cm in different sections of the pools. With these data, an estimation of fish density (fish m -2 and fish m -3 ) was subsequently obtained.
Fish collections in 1993 were made using the ichthyocide rotenone (García & Zapata, unpublished data) , which is regarded as a very effective sampling technique (Ackerman & Bellwood, 2002; . Collections were made monthly from January to July (except February) at the same sites where sampling was carried out in 2006 (i.e. Ventana, Barra and Camaronera). An average of seven tidepools per site for each month were sampled with rotenone during low tide. All fish were removed from the selected tidepools and subsequently preserved in 10% formaldehyde. In the laboratory fishes were transferred to 70% ethanol solution and identified using appropriate taxonomic keys for the area (e.g., Allen & Robertson, 1994) .
The classification of species according to its occurrence in time was based on Gibson & Yoshiyama (1999) . Resident species were those with an exclusive presence in tidepools. Transient species were those present only as juveniles in tidepools and also seen commonly in subtidal areas either as juveniles or adults. Accidental visitor species were those inhabiting subtidal habitats that occasionally got trapped in tidepools.
Data Analyses: Data taken in 2006 were used to test for differences in tidepool fish composition among sampling sites and months. For this purpose a 2-way permutational analysis of variance (PERMANOVA, Anderson, 2001) was performed. The analysis was conducted treating Site (three levels) as a random factor and Month (four levels) as a fixed factor. Samples among months were assumed to be independent due to the demonstrated rapid recovery of tidepool fish assemblages after perturbation (Willis & Roberts, 1996) . The PERMDIST routine (an analog of the univariate Levene's test) was used to check if results from the PER-MANOVA test were an artifact of difference in dispersion among groups (Anderson, 2006) . To explore the multivariate patterns shown in the PERMANOVA test, constrained and unconstrained ordinations were used (non-metric multidimensional scaling or nMDS and canonical analysis of principal coordinates or CAP). Species responsible for differences along the CAP axes were determined as those species' abundances having Spearman correlations >0.4 with any of the canonical discriminant axes (Anderson & Willis, 2003) . All analyses were performed on square-root transformed density data (fish m -2 ) based on the Bray-Curtis similarity measure.
Due to the different sampling procedures employed in 1993 (rotenone, García & Zapata, unpublished data) and 2006 (clove oil), data from both periods could not be directly compared. However, in an attempt to evaluate: (1) the possible effect of the sampling method and, (2) the persistence of these assemblages over time, we used an unconstrained ordination technique (Principal coordinates analysis-PCO) on species relative abundance data for the three sites that were sampled in 1993 and 2006. Data were left untransformed and the Bray-Curtis similarity measure was employed to generate the similarity matrix upon which the PCO was performed. PCO is very flexible as it is the non-metric multi-dimensional scaling (nMDS) ordination technique, because it can be used on any resemblance matrix. However, PCO differs from nMDS in that PCO projects points in space onto axes according to the chosen resemblance measure, whereas nMDS is focused in preserving the rank order of similarities in a defined number of dimensions (Anderson, Gorley & Clarke, 2008) .
Tidepool fish assemblages along the Eastern Pacific Ocean were compared based on 17 sampling locations spanning the West coast of USA at 43°N to the southern part of Chile at 36°S. The data were obtained from 10 studies and one unpublished data set from Colombia (Castellanos-Galindo, periods). All these studies had as a main aim the sampling of the entire tidepool ichthyofauna at each location. Data from these studies were organized and analyzed at the species and family level.
Classification analyses were then performed using the Bray-Curtis similarity measure on presence/absence data (Sørensen similarity measure). PERMANOVA+for PRIMER software was used to conduct all analyses (Anderson et al., 2008) .
RESULTS
Small-scale spatio-temporal patterns.
The tidepool ichthyofauna of Gorgona Island during April-July 2006 comprised 38 species grouped in 18 families. Three taxa, Malacoctenus sudensis (Labrisomidae), Bathygobius ramosus (Gobiidae) and Stegastes acapulcoensis (Pomacentridae), accounted for 67% of the total abundance. The most speciose families were Muraenidae (six species) and Pomacentridae (five species). The abundance of Labrisomidae, Gobiidae, Pomacentridae, Mugilidae and Gobiesocidae accounted for >85% of the total abundance (Table 1) . Twenty one percent of the species were classified as residents, 47% as transients, and 32% as accidental visitors. The relative abundance of these same groups, however, was greater for residents (65%) than for transient species (34%) with accidental visitors representing a small fraction of the assemblage (1%).
The PERMAVOVA test showed significant differences in fish assemblages among sites and among sampling dates ( Table 2 ). The variation in multivariate dispersion, however, was significant for the site factor (PERMDISP, F=7.11, p=0.022), indicating that caution should be taken when interpreting the PERMANOVA results. Non-metric multi-dimensional scale (nMDS) and CAP ordinations showed different results with no clear aggregation patterns among samples in the nMDS (high stress value =0.23) and a relatively well-defined grouping of samples along the CAP axis 1 in the CAP ordination ( Fig. 1 ). In the CAP ordination, samples from Camaronera were generally located to the left of the CAP axis 1, whereas samples from Ventana and Barra were distributed to the right (Fig. 1 ). As expected, the leave-one-out allocation success from the CAP analysis was higher at Camaronera and lower at Ventana, implying that assemblages from Ventana were harder to predict than the ones from Camaronera or Barra (Table 3) . This is also evident in the PERMDISP results, in which the largest dispersion of assemblages was observed in Ventana samples (average Bray-Curtis distance-to-centroid =41%). Ten species were found to be strongly correlated with CAP axis 1, thus differentiating assemblages from the three sites. Abudefduf concolor (r=0.41) and Chaenomugil proboscideus (r=0.52) were species strongly correlated with CAP axis 1 and assemblages at Ventana. The mean density (ind m -2 ±SD) of these species at Ventana was the highest amongst sites (A. concolor =0.65±0.17 and C. proboscideus =0.60±0.22). Similarly, species with strong correlation with CAP axis 1 (Camaronera) were Gobiesox adustus (r=-0.63), Bathygobius ramosus (r=-0.68), Tomicodon petersi (r=-0.55), Uropterygius macrocephalus (r=-0.43) and Sargocentron suborbitalis. (r=-0.27). All these species presented the highest densities at Camaronera (Table 1) .
In 1993, 9 395 fish were collected during the six-month study period. Forty-one species grouped in 26 families comprised the tidepool fish assemblage. Five species accounted for ca. 65% of the total fish abundance ). This indicates a higher evenness in the assemblage from 1993 compared to the one sampled in 2006, when the same relative abundance was reached by only three Table 1 Twenty-seven species were shared between both sampling periods. Fifteen species were found only in 1993 when sampling with rotenone, whereas 11 species were found only in 2006 with clove oil sampling ( Table 1) . The PCO ordination showed separation between both sampling periods (1993 and 2006) , with most samples collected in 2006 distributed to the left axis of the PCO axis 1 (Fig. 2) . Similarly, most samples collected in 1993, independent of site, were grouped to the right of the PCO axis 1. The species responsible for differences among sampling times (correlations >0. 
Zoogeographical analysis:
Based on all the available data, the tidepool ichthyofauna in the Eastern Pacific Ocean (43°N-36°S) contained at least 214 species grouped in 52 families. Perciformes represented 70% of the families and 63% of species present in this region. Scorpaeniformes and Anguilliformes were the next two most species-rich fish orders (13% and 6%, respectively). Within the Perciformes, the suborder Blennioidei had the highest species representation (44), with some of these species being especially abundant and dominant in assemblages from the Panamic province (sensu, Robertson & Cramer, 2009 ) and also in assemblages of Chile. The suborder Labroidei (28 species) was also especially dominant in the tropical portion of the region with some of the species contributing importantly to the transient residential category. Pomacentridae and Labridae were the most important labroid families in the tropics, whereas Embiotocidae was found from 26° to 38°N. In the northern portion of the Eastern Pacific (>26°N), Scorpaeniformes became the dominant group, being Cottidae a very diverse family in tidepools of the area. In terms of abundance, assemblages in this area were almost exclusively dominated by Cottidae with some species of Stichaeidae or Clinidae having a relative importance in some areas.
In the southern part of the region (<20°S), apart from the Blennioidei, a Percoidei family (Kyphosidae) became very important in terms of abundance within these assemblages. At the southernmost part of this area (36°S), the suborder Gobiesocoidei was very abundant together with the Blennioidei (Table 4) . When comparing tidepool fish assemblages along the latitudinal gradient three consistent groups were observed. Assemblages with tropical affinities were grouped coinciding with the Tropical Eastern Pacific region boundaries.
This group includes studies carried out in the southernmost part of the west coast of the Gulf of California (23°-26°N; Ruiz-Campos et al. (2010)), a study carried out inside the Gulf of California (Cortez Province; Thomson & Lehner (1976) ) and studies carried out in the Panamic province (Costa Rica and Colombia; Weaver (1970) , Castellanos-Galindo, Giraldo & Rubio (2005) and this study). A second group was defined by assemblages of the northern part of the Eastern Pacific coast (35°-43°N; Yoshiyama, Sassaman & Lea (1986) ), which are part of the California and Oregon provinces (Fig. 3) . Finally, the tidepool fish assemblage from the warm-temperate PeruChilean Province is clearly distinguished from the rest (Fig. 3) .
DISCUSSION
Species richness, composition and residential status:
The tidepool fish assemblage found at Gorgona Island was relatively diverse compared to assemblages at other localities in the Colombian Pacific coast or the rest of the Tropical Eastern Pacific Ocean. These results combined with information from other localities in the Colombian Pacific indicate a dominance of Perciform families represented mainly by the sub-orders Labroidei, Blennioidei and Gobioidei in this part of the TEP. At Gorgona Island, a considerably high number of species was found, with M. sudensis (Labrisomidae), S. acapulcoensis (Pomacentridae) and B. ramosus (Gobiidae) being the most abundant species. Resident species at Gorgona belonged to the same families found at another locality of the Colombian Pacific with an estuarine environment (Bahía Málaga; Castellanos-Galindo et al., 2005) , but the total number of species and the number of species per family was higher in Gorgona than at Bahía Málaga (14 species). Additional examination of tidepool fish assemblages at two other localities in the northern Colombian Pacific (Ensenada de Utría and Cabo Marzo), where rocky shores are the predominant seascape, show that these assemblages are similarly diverse to those encountered at Gorgona Island (ca. 40 species; Castellanos-Galindo, unpublished data). Labrisomidae, Gobiidae, Pomacentridae, Gobiesocidae, Muraenidae and Labridae dominate the assemblage composition at these three localities.
The great differences in species richness between Gorgona Island and Bahía Málaga can be explained by a combination of factors, which include the different sampling effort (time, number of pools and number of sites) and differences in the topographic characteristics of the tidepools sampled. However, the most important difference may be the presence of a richer subtidal fish community in the marine environment of Gorgona Island compared to the poorer estuarine subtidal fish community in Bahía Málaga. The presence of larger areas of rocky and coral reefs in Gorgona in comparison to Bahía Málaga, may also explain the higher number of transient and accidental visitors found in tidepools of Gorgona. A comparison with results of visual censuses of coral reef fishes at Gorgona indicates that at least 20 coral reef fish species are commonly found in tidepools (Zapata & Morales, 1997; Zapata, 2001b) . A very similar result was found by Weaver (1970) in the Pacific coast of Costa Rica where the assemblage structure of the tidepool ichthyofauna differed between three localities with different subtidal characteristics (estuarine, coral reefs). Playas del Coco, adjacent to coral reefs, had a higher species richness (28) than the other localities.
When comparing the composition of residents there is concordance at the family level between studies in Costa Rica and Colombia; however, Gorgona presents a higher number of species within each of these families. Differences can also be observed in the dominance (relative abundance) of fish species. Whereas in Bahía Málaga, Colombia, one single species (Bathygobius ramosus) comprises >50% of the total tidepool fish assemblage, approximately this same percentage is shared by the three principal species in Gorgona Island (M. sudensis, S. acapulcoensis, B. ramosus). Nonetheless, when comparing the five most abundant species at each locality, the same three species dominate.
In terms of relative abundance, the residential categories differed between Gorgona Island and Bahía Málaga, even though the number of resident species in the latter locality is higher. Griffiths (2003) found a very similar pattern in temperate Australia as in Bahía Málaga, where permanent resident species dominate over transients. Conversely, Thomson and Lehner (1976) found a pattern in the Gulf of California more similar to the one observed at Gorgona Island, where the percentage of transient species was higher. Mahon & Mahon (1994) in the Caribbean Sea, documented a dominance of true residents over partial ones (transients species sensu Gibson & Yoshiyama (1999) ); however, many juvenile Anguilliform species were classified as true residents by these authors, whereas Gibson & Yoshiyama (1999) consider them as transient species. If anguilliforms are pooled with the rest of partial residents, both categories (residents and transients) reach almost the same percentages. Therefore, it is reasonable to expect that tidepool fish assemblages will be more likely to contain a higher number of transient species when adjacent subtidal ichthyofaunas are diverse (i.e., near coral reefs). Conversely, when tidepools occur near species-poor subtidal habitats, resident species will be more likely to dominate tidepool fish assemblages.
The use of intertidal habitats by fishes at high tide has rarely been examined in tropical areas. However, Castellanos-Galindo, Krumme & Willis (2010) examined this aspect in rocky shores of the northern Colombian Pacific, and found that 73 fish species used these intertidal habitats at high tide. Common species can be identified between those observed at high tide and those remaining in tidepools at low tide, especially for members of the families Pomacentridae and Labridae. However, a large proportion of cryptic resident species found in tidepools, were not recorded by CastellanosGalindo et al. (2010) , due to the methodology employed in that study (i.e., underwater visual censuses). Combining both sources of information (tidepool sampling and intertidal visual censuses at high tide) it could be estimated that ca. 100 fish species use intertidal habitats in Colombian Pacific rocky shores. This highlights the importance that these habitats have for shore fishes and also suggest the existence of important links between subtidal and intertidal areas that are regulated by tides and the availability of intertidal prey sources for fishes.
Patterns of temporal variation:
Temporal variation in tidepool fish assemblages has been evaluated at several scales from day/night to periods of 10 years. In a month or yearround scale, variation in community structure has been detected in the majority of studies (review in Gibson & Yoshiyama, 1999 , but see also Davis, 2000a; Griffiths, 2003; Arakaki & Tokeshi, 2006) . However, other surveys, which include some in tropical regions, have found that such variability is not present (temperate: Prochazka, 1996; tropical: Chang, Lee, Lee & Chen, 1973; Mok & Wen, 1985; CastellanosGalindo et al., 2005) . Temporal variations often have been attributed to the strong changing seasonal conditions observed year-round in temperate latitudes, where most of these studies have been carried out. No short-term variation was observed during the four months of this study. Although the statistical tests suggested differences between sampling months, these were driven by the high variance associated to each of the samples. The leave-one-out allocation success procedure for the Month factor was low (40%). This indicates difficulties in differentiating samples coming from a specific month mainly because of large multivariate dispersion within months. These results are in contradiction with most of the studies carried out in temperate regions, but not with the studies carried out in the tropics. The absence of strong seasonal changes in the Colombian Pacific compared to temperate areas may explain these contrasting results. The relative stability of environmental conditions in these coastal biotopes may allow these assemblages to maintain their structure and function through short temporal scales. It will be necessary to examine if variation in community structure occurs during the rainy season in Gorgona Island (May-December) to extend our conclusions to larger temporal scales.
Finally, studies at greater temporal scales (years or decades), have taken place mainly in localities of the West coast of the USA. Similarities in assemblage structure are very consistent there over the sampling periods indicating that these assemblages are persistent over large temporal scales (Grossman, 1982; Yoshiyama, 1981; Yoshiyama et al., 1986 , see review in Almada & Faria, 2004) . The results obtained from a comparison of samplings in 1993 and 2006 in Gorgona Island support the results obtained in temperate areas. The dominant species were the same between sampling periods. The number of shared species (27 out of 53) between both periods can reflect that some degree of unpredictability in the composition of transient and accidental visitors exist, but that the core members of the fish assemblage are persistent over time. The variation in the proportions found is very likely due to the use of different sampling techniques. In 1993, rotenone was used. This substance is highly effective, but has been shown to have differing effects on fish species. Weaver (1970) mentioned that B. ramosus (Gobiidae) was highly resistant to rotenone when poisoning tidepools of Pacific Costa Rica. This may be the reason why the relative abundance of this species changed between 1993 and 2006 sampling at Gorgona Island (8% and 22%, respectively). Likewise, Weaver (1970) identified species of Pomacentridae as highly susceptible to rotenone. The relative abundance of the species of this family was considerably higher in 1993 than in 2006 at Gorgona Island.
Another important conclusion derived from the low variability in the assemblage structure over time is that this assemblage is able to recover in a short period (<1 month in this case), after severe perturbations such as those caused by sampling (i.e. defaunation). It has been suggested previously that re-colonization may occur from individuals of adjacent pools migrating to defaunated pools within few days (Willis & Roberts, 1996) . Finally, phenomena occurring at large temporal scales, such as the El Niño-Southern Oscillation (ENSO), may affect community structure (Davis, 2000a) . This is an aspect that has been poorly examined in tidepool fish assemblages. The TEP offers great potential to improve our understanding of the effects of ENSO on intertidal rocky shore communities because this region is greatly affected by this phenomenon.
Patterns of spatial variation:
Differences in habitat complexity often lead to changes in assemblage structure (Mahon & Mahon, 1994; Griffiths, Davis & West, 2006; Macieira & Joyeux, 2011) . This may be the case for the inter-site differences observed at Gorgona Island. Griffiths et al. (2006) showed that the availability of rocks and macro-algae significantly affected the species composition and abundance of fishes visiting tidepools in Australia. Davis (2000b) reached a similar conclusion after she manipulated tidepool complexity in California. At Gorgona Island, the different topographic characteristics of the sites where tidepools were sampled may be partially responsible for the differences in assemblage composition. Mean fish density (especially of benthic species; e.g. G. adustus, B. ramosus, U. macrocephalus, T. petersi) was considerably higher at Camaronera than at the other two sites. At Camaronera, shallower tidepools composed of gravel and sand might offer more microhabitats to (benthic) fishes than tidepools at Ventana and Barra where tidepools had relatively low microhabitat complexity. In contrast, schooling species and those inhabiting the water column (e.g. C. proboscideus, A. troschelii) were more characteristic of Ventana than of Camaronera. Further studies should directly test the effect of complexity on fish assemblage composition at these sites.
Latitudinal patterns in the Eastern
Pacific. The taxonomic composition of tidepool fish assemblages found in the Eastern Pacific is in agreement with results of previous analyses by and . The number of tidepool fish species found in the Eastern Pacific corresponds to ca. 30% the total number of species documented by Chotkowski et al. (1999) . This percentage is likely to be an over-estimation considering that there is not an appropriate documentation of tidepool fish faunas in several tropical diverse areas of the Indo-West Pacific region.
The relatively small area that is available for colonization (especially in rocky shore areas) is the main restriction that fishes that reside in intertidal areas may face. This constraint is probably responsible for the limited range of body plans, sizes and taxonomic groups that are observed in tidepool fishes . The Blennioidei and Labroidei suborders accounted for 21% and 12% of the total number of 702 species found in the revision made by Chotkowski et al. (1999) . In the present comparison of tidepool fishes in the Tropical Eastern Pacific, these same suborders accounted for 29% and 19% of the total number of tidepool fish species (Blennioidei and Labroidei). The Neotropics are a major center of diversification for members of the Blennioidei with a high degree of endemism (Hastings, 2009) . Three of the six families that comprise this suborder (Labrisomidae, Chaenopsidae and Dactyloscopidae) are endemic or nearly endemic to the New World. Most species within this suborder inhabit shallow coastal waters and have small body sizes. These two characteristics are likely responsible for the successful invasion and residency of this group in rocky intertidal areas (i.e. tidepools) in the Neotropics (especially the Tropical Eastern Pacific). Contrary to the Blennioidei, the Labroidei are transient components of the tidepool ichthyofauna of the Tropical Eastern Pacific region. Labridae and Pomacentridae are species-rich families in rocky reef areas, where access to intertidal habitats (including tidepools) offers additional food sources and/or refuge from predation to young or small individuals of these species.
At regional scales, few attempts have been made to document tidepool fish assemblage differences, but recently Boyle & Horn (2006) made comparisons at different levels of central Chile and California tidepool fish assemblages in the Eastern Pacific finding no common species and only two shared families (Gobiesocidae and Clinidae). The present regional comparison of tidepool ichthyofaunas between the temperate and tropical regions of the Eastern Pacific Ocean shows taxonomic differences even at the family level in line with the observations of Prochazka et al. (1999) . In the northern hemisphere at 37ºN, Yoshiyama (1981) found a dominance of species (more than 50% of all species) by members of the families Cottidae (Scorpaeniformes) and Stichaeidae (Perciformes); these families are totally absent from tropical southern latitudes. The most speciose families of the tropical regions are Pomacentridae, Muraenidae, Gobiidae and Labrisomidae. It is noteworthy that anguilliform species (mainly Muraenidae) are present only in the tropical portion of the Eastern Pacific (Table 4) . This was also noted by Mahon & Mahon (1994) in the Caribbean where they found a similar number of species from this order.
In the southern part of the Eastern Pacific at 32-33ºS, Muñoz & Ojeda (1997) identified a predominance of species of the families Labrisomidae and Gobiesocidae. Nevertheless, the species dominating these assemblages belonged to Blenniidae (Scartichthys viridis), Tripterygiidae (Tripterygion chilensis) and Kyphosidae (Girella laevifrons). The presence of these families in intertidal habitats of the Tropical Eastern Pacific is marginal and often composed of transients and accidental visitors (i.e. Ophioblennius steindachneri and Axoclinus lucillae). Although dispersed, tidepool fish studies in the Tropical Eastern Pacific region (and the Colombian Pacific coast) have been slowly increasing, filling in a gap acknowledged by previous authors . Further investigation at discrete regions of Central America and the southern limit of the TEP (i.e., Ecuador and Peru), will help to corroborate the patterns drawn in this initial zoogeographic comparison.
In summary, tidepool fish assemblages found at Gorgona Island are likely among the most species-rich of this type of assemblages in the TEP region and the whole Eastern Pacific coast. The observed inter-site differences in assemblage structure may be directly related to differences in the topographic structure of tidepools found at each of the study sites. Rotenone and clove oil are both effective methods to survey tidepool fish assemblages, however, caution should be taken when comparing results due to differences in the susceptibility of fish species to each of these methods. These differences may be reflected in changes in the proportion of the dominant species. The regional patterns observed here reflect commonly defined biogeographical patterns observed for the shore fish fauna of the Eastern Pacific. A distinct species composition was observed for Chilean and northern USA west coast localities, whereas similarities could be observed for localities in the TEP including the Cortez province. Tidepool fish assemblages in some areas of the TEP are as species-rich as in the same habitats in the Caribbean region. The later region is considered to have greater fish species richness in certain shallow water habitats (e.g. coral reefs; Floeter et al., 2008) . Therefore, other factors operating at local scales may be important in determining the number of fish species in these habitats.
The dynamics of tidepool fish assemblages at high tide and the possible connections to the subtidal environments are practically unknown in the region and should be addressed in the future to fully understand the importance of these particular assemblages in the whole coastal seascape continuum. Finally, tidepool fish assemblages at Gorgona Island and in the whole TEP constitute excellent systems for testing the effects of climatic variability intrinsic to this region, providing understanding that is urgently needed in an era of accelerated climatic changes. 
RESUMEN
A nivel mundial, la ecología de peces de charcos intermareales ha sido ampliamente investigada durante los últimos 40 años, especialmente en zonas templadas. En este trabajo, se documenta la variación espacio-temporal en corta escala de un ensamblaje de peces de charcos intermareales en el Pacífico Oriental Tropical (Isla Gorgona, Colombia), y se comparan nuestros resultados, con los resultados obtenidos durante muestreos realizados en la misma localidad en 1993. Además se realiza la primera comparación latitudinal de estos ensamblajes para la costa oriental del Océano Pacífico (43°N a 36°S) . Durante abril a junio de 2006, se realizaron muestreos mensuales en 18 charcos intermareales distribuidos en tres localidades de Isla Gorgona, estableciendo un ensamblaje de peces de charcos intermareales con una alta riqueza de especies (53 especies). Labrisomidae, Gobiidae and Gobiesocidae fueron los componentes residentes dominantes en el ensamblaje, mientras que Pomacentridae, Muraenidae and Labridae fueron los componentes transitorios. Aunque el registro de las mismas especies dominantes en 1993 y 2006 sustenta la idea de una alta persistencia temporal de este ensamblaje, se detectaron diferencias significativas en la abundancia relativa de las especies. Estas diferencias podrían ser el resultado de las diferentes técnicas de captura utilizadas durante 1993 y 2006 (rotenona vs aceite de clavo). Al comparar los estudios sobre peces intermareales realizados en la zona tropical y zona templada de la costa oriental del Océano Pacífico, se identificó un claro patrón latitudinal en la composición de los ensamblajes, que es consecuente con la ampliamente documentada subdivisión biogeográfica de la fauna marina de esta región. Para comprender el funcionamiento de los ecosistemas costeros del Pacífico Oriental tropical, es necesario que futuros esfuerzos de investigación se encaminen a conocer el papel ecológico de los peces intermareales en esta región.
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